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2o o o o ° ° ° ° ° 46°15" 122°12:30" 12210 | Vv CORRELATION OF MAP UNITS (rarely to 20 m), commonly displaying prismatic jointing. Lithology: erately inclined shear surfaces. Basal part of deposit is zone 0-3 m
I _ ES8 3 R 3 3 3 3 s 2 1 ) ) E— N mildly vuggy dacite with 2-3 percent phenocrysts (1-1.5 mm thick that contains abundant uncharred and battered logs; logs are
£ < < L L L L L L L al |cfhed ta diameter), with plagioclase more abundant than hornblende, and commonly surrounded by a soft, yellowish-brown, sandy to clayey
z ST hypersthene in about the same abundance as hornblende; in seriate, deposit that may be an intermixed paleosoil. Log in the lowermost

Unconformity granular, fine-grained groundmass. Contains notably abundant part of unit yielded age of 2,590+120 14C yr B.P. (sample W6032,
U I medium- to coarse-grained gabbro inclusions. On upper surface of table 2). Thickness 0-65 m
5 "\,\’\ﬁ Unconformity unit many r.oot's of tr?es a'nd shrups remained after the 1980 Pyroclastic-flow deposits (Quaternary)—Lithic, rarely pumic-
eruption, indicating relatively little erosion by the .blast and avalanche. eous, dacite block and ash-flow deposits. Light-gray, tabular-bedded
s ¢ d Blocks exposed on upper su.rface are abraded,. striated, and broken by flow units; each flow unit about 10 m thick; reversely (rarely normally)
p passage of the 1989 debris avalanche. Unit was probably largely graded; poorly sorted with common light-pink oxidized flow tops.
deposited as pyroclastic flows (dome-collapse block and ash-flows) and Subangular, dense to mildly frothy, monolithologic dacite clasts as
av minor talus shed from Goat Rocks dome (destroyed in the 1980 debris large as 2 m in diameter; some units have common prismatically
Unconformity avalanche). Forms surface we.st of Step creek. This surface is lo.cally jointed blocks. Blocks are supported in matrix of coarse lithic ash and
covered by scattere{:l pumice blocks (I?Ot mapped) of unit f. lapilli. Lithology: porphyritic dacites with plagioclase, hypersthene,
- Unco.nformak.)ly overlies lavas and breccias of the Cas.tle Creek and hornblende. Lithic clasts in upper 1.5 m of unit locally display
Unconformity eruptive per.10<.i. In northwestern part .Of. map area.thls contact intense internal shattering where overlain by unit pya. Unconformably
contains a thin interbedded sequence consisting of (described from top overlies dacite domes of the Pine Creek eruptive period and the older
- to bottom; see table 1): (unit poa) of two Pine Creek-age debris avalanche deposits. Thickness
Unconformity 25 cm tephra unit X of Kalama eruptive period 0-35m
_ 10 cm tephra unit W of Kalama eruptive period - Older debris-avalanche deposit (Quaternary)—Variegated light-
! 35 cm lahar composed of mixed andesite and rhyodacite clasts gray and pastel yellow, pink, and green, unconsolidated mixture of
Unconformity > QUATERNARY (rhyodacite derived from rocks of Sugar Bowl eruptive period) relatively fresh and strongly altered (hydrothermally?) lithic dacite
25 cm mafic tephra of Castle Creek eruptive period blocks, lapilli, and ash. Clasts are all porphyritic and include dacite
] ] ] , , ) with plagioclase, hypersthene, and hornblende; dacite with plagi-
Unit deposited during the 1840’s and 1850’s. Thickness 0-35 m oclase, hornblende, quartz, and biotite; and dacite with plagioclase,
Unconformity - Tephra layer T (Quaternary)—Pumice and lithic lapilli tephra. hornblende, and cummingtonite. The deposit contains a few large
Mantle-bedded, multiple-layer tephra is clast supported (with about 10 stratified masses of block and ash-flow deposits but is largely massive.
percent ash-size fraction), reversely graded, and loosely consolidated; Numerous shallowly to moderately inclined shear surfaces cut the
a typical section contains: section; many of these display cataclastic shear texture. Uppermost
45°12'30" Unconformity Upper 2 m: lapilli tuff with scattered pumice blocks as large as 30 part of unit in' lower S.tep creek canyon is an atypical reddish-brown
cm in diameter contorted dacite breccia layer that displays a hummocky top where
20—cm-thick lithic concentration in the tephra glconformably ovelflain by .pyroclastic flow dep(?sits (unit pp? of the
ine Creek eruptive period. Locally, may include undisturbed
60-cm-thick lapilli tephra pyroclastic flow deposits (unit pp) of Pine Creek-age. Thickness 0-40
Unconformity Bottom 10 cm of ash and lapilli m, base not exposed
Divisions between layers are gradational. Lapilli and small blocks - Breach dome (Quaternary)—Medium-gray to pink strongly
range from 0.5-10 cm in diameter with a few outsized pumice clasts. shattered dome. Lithology: vuggy, porphyritic dacite with fine-grained
1980: Croter Pumice is white, angular; heavy mineral separates include hornblende, granular groundmass containing 20-30 percent phenocrysts (0.5-2
which is more abundant than hypersthene, and minor augite. Many mm in diameter) of plagioclase, hornblende, and hypersthene.
large pumice clasts have pink oxidized interiors. Lithic clasts are Thickness 175 m
_ angular apd consist of andesite, basalt, and dacite (including summit- - Kid dome (Quaternary)—Light-gray dacite. Strongly shattered.
7 donjle daFlte: light-gray sugary groundmass; phenocryst-poor low-silica Erodes to badland topography. Lithology: porphyritic dacite with fine-
dacite with about 0.5 percent hornbleere needles as long as 7 mmy grained granular groundmass containing about 20 percent phenocrysts
giztrtllir:s Slgggrc ezn.ctor(nm.(;nll(glz) hiviha ﬁlr;k to(,);eddlsﬁ'_brown .pztmag (0.5-4 mm in diameter) of plagioclase, hornblende, and hypersthene
1t tunt 0 ¢ halamals) eruptive period an hypersthene displays unusually high interference colors, up to second
DESCRIPTION OF MAP UNITS und.elgies p.yrgclast?c ilap dleg(())(s)iti( (unit gpz]'oflt;lgsGo_la_l}t1 .Rli)cks e(;uIS)tive E)ri}in blue in thIi)n &;ection, inzlicast;ing a relatively high ir(fn content).
[Hyphenated compositional terms indicate a greater abundance of the latter part of the period. Unit deposited in (Yamaguchi, ). Thickness m Unconformably overlain by the Breach dome (unit pbd), pyroclastic-
adjective: lithic-pumiceous ash is ash that is more pumiceous than lithic. Non-hyphenated Deposits of Kalama(?) eruptive period (A.D. 1480-1630) flow deposits (unit pp) of the Pine Creek eruptive period, and andesite
Sompgsitio'nﬁl tleml:s arek_in decreﬁsirllg order ?f aburxlal;ce: block,f lapilli, a}”ld as? d}elposits are - Lahar and fluvial deposits (Quaternary)—Variably colored dark- lavés and cinder deposits (units ca, cba) of Fhe Castle Cree%{ eruptlye
Z'grossng:;}:; 12;’8]5 making up the largest volume. A.D., years after the birth of Christ; B.P, to light-gray fragmental deposits. Crudely stratified unit of alternating period. Intruc.led by Castle Creek-age andesite and basalt dikes (units
Y clast- and sandy matrix-supported textures. Poorly sorted with clasts cad, cbd). Thickness 175 m, base not exposed
Deposits formed during and since A.D. 1980 as large as 2.5 m in diameter and heterolithologic (including summit- - Northeast dome (Quaternary)—Light-gray dacite. Strongly shat-
. . . dome dacite); equant and subangular to subrounded. Unit occurs as tered. Erodes to badland topography. Similar in outcrop appearance
el Alluvium (Q.uaternary)—.Stream deposits, minor lahars, and talus. remnants of sedimentary fill in paleovalleys incised into lavas of the and lithology to Kid dome (unit pkd) and is, perhaps, correlative with
Includgs rapidly accumulating fan a.t north margin of Sasquatch Steps. Castle Creek eruptive period surrounding Loowit creek. Uncon- it. Unconformably overlain by andesite breccias (unit cab) of the Cas-
- Deposited after May 18, 1980. Thickness unknown formably overlain by tephra layer T (unit t) of the Goat Rocks eruptive tle Creek eruptive period and intruded by Castle Creek-age basalt
o"'g ° Ice (Quaternary)—Permanent or long-lasting ice fields. Confined to period. Thickness 0-30 m dikes (unit cbd). Thickness 100 m, base not exposed
4510 B 7l A TN ,‘%i??kité::rg ‘;u:l of upper Step creek. Deposited after May 18, 1980. Deposits of Kalama eruptive period (A.D. 1480-1630) Domes of Smith Creek eruptive period (4,000-3,300 B.P.)
Base from U.S. Geological , 1:24,000; . . . . - Andesite breccia (Quaternary)—Black to dark-gray, poorly sorted - Archybacter dome (Quaternary)—Medium-gray dacite. Strongly
Mount St. Helens, progisionirxﬁi/orl,agggo ta Talus (Quate?nary)—Contams minor alluvium. Deposited after May breccia with clasts a(s large as 60 cm in diameter. Lithology ranges from shattered. Lithology: porphyritic texture with fine-grained granular
18, 1980. Thickness unknown porphyritic (with plagioclase phenocrysts much more abundant than groundmass containing 20 percent phenocrysts (0.5-2 mm in
I Lahar deposits (Quaternary)—Unconsolidated to moderately hypersthene) to aphyric, glassy varieties. Difficult to distinguish from diameter) of plagioclase and hornblende; minor cummingtonite
AREA OF GEOLOGIC MAP consolidated, poorly sorted, crudely stratified, massive to lensoidal- unit cab. Overlies the Sugar Bowl rhyodacite dome (unit sb) and depos- identified in a heavy mineral separate. Overlain by basalt lavas and
bedded gravel and sand. Clasts are lithic and pumiceous hetero- its of the Castle Creek eruptive period (units cb, cab) in eastern part of andesitic breccias (units cb, cab) of the Castle Creek eruptive period,
geneous rock types, subangular, as large as 1 m in diameter, matrix map area. Overlies 20-cm-thick, white pumice lapilli tephra (probably as well as pyroclastic-flow deposits (unit pp) of the Pine Creek
supported, and set in a medium-gray, silty to sandy lithic groundmass; tephra set W of the Kalama eruptive period; with mafic crystals of hy- eruptive period. Thickness 50 m, base not exposed
corr.lmonly contains blocks of gray, porphyritic, prismat.ic.ally j.ointed persthene more abundant than hornblende) in west fork of Step creek. - Loowit dome (Quaternary)—Light-gray, highly fractured dacite.
da@te (largely derived from the 1989—86 la\{a dome?. Unit interfingers Thickness 0-50 m Lithology: porphyritic texture with a fine-grained granular groundmass
‘iwgtgb blﬁullscl'rln (;sfﬂ&t}hiotrrlgter tr};%r;,brm(tjef. c?s?ti ddefss&iicftirgMiygég’ Dome of Sugar Bowl eruptive period (A.D. 800) containing 40 percent phenocrysts (0.5-2.0 mm in diameter) of pla-
Thick;less 0-5 m P y dep ’ ‘ - Sugar Bowl dome (Quaternary)—Medium-gray, massive, blocky glc')clase, hornblende, and altered cumrpmgtomte(?); with a trace of bi-
) . . rhyodacite. Mildly frothy porphyritic rhyodacite with 10-15 percent otlt.e. Fractures are mostly rapdomly oriented. Fn lower exposures, one
Table 1. Eruptive history of Mount St. Helens, Washington s Pyroclastic-surge and minor blast deposits of May 18, phenocrysts (0.5-1.5 mm in diameter) of plagioclase, hypersthene major fracture set is sub-horizontal and wavy in form. Exposed along
[from Crandell, 1987] 1980 (and younger?) (Quaternary)—Surge deposits are tan and hornblend.e in. verv fine-arained mi talli ) d ’ Loowit creek, at and below Loowit falls. Overlain by basalt lavas (unit
e RO ) - y fine-grained microcrystalline groundmass. X ' i
Approximate 4 C N izpllll CtlUff, WTCh‘llﬁ laminated afr:d CYSOSS be.ddf;l an(i in place.st.form? Thickness 50 m cb) of Ejhe Castle Creek eruptive period. Thickness 115 m, base not
Eruptive Stages, Periods, and : Tephra ; rge dunes. Lapilli are as much as 3 c¢cm in diameter, consisting o . . . expose
’ Dormagﬂt Intervals Beﬁfiz XB%?{%O djnit ature of Volcanism lithic fragments and dacite pumice. Surge deposits are probably Deposits of Castle Creek eruptive period (2,200-1,700 B.P.) 60
mostly younger than the May 18, 1980, blast deposits. On top of - Basalt and basaltic andesite (Quaternary)—Basalt and basaltic ———— Contact—Dashed where approximately located. Showing dip where known
Sugar Bowl dome, unit consists only of the May 18 blast deposit, andesite lava and breccia; rare low-silica andesite. Form tabular lava s .

Eruptions that began in 1980 1980 Laterally directed blast from cryptodome followed by eruptions recognized by abundant lapilli and blocks of light blue-gray dacite in flows, 1-7 m thick, of medium- to dark-gray, mildly vesicular =L Fault—Dashed where approximately located. Bar and ball on downthrown
of dad.te tephra and pyroclastic flows and development of ashy matrix. Thickness 0-8 m pahoehoe and aa with common reddish-brown scoriaceous, brecciated side. Shov.vmg dip where known. Arrows on faults in cross section
dome in new crater. f Pyroclastic-flow deposits from May 18, 1980, and later bases and tops. Lithology: seriate texture with fine-grained pilotaxitic . show relative sense of movement

(Dormant interval of 123 years) === === ———— - - - - - - oo (Quaternary)—Light-colored (white, tan, and pink), poorly sorted, groundrr}ass and 1_'15 percent phenocrysts (0-5._20 mm in diameter) —o 4 Al Thrust fault—Sawteeth on upper plate. Showing dip where known
block, lapilli, and ash deposits (mostly pumiceous). Individual flow of plagioclase, olivine, and commonly augite. Phenocryst-poor

Goat Rocks eruptive period 1180-123 T Eruptions of dacite tephra, andesite lava flow, dacite dome. units 0-8 m thick, channel-filling, commonly reversely graded, clast varieties contain olivine only as groundmass phase. Unconformably __—7 Orientation of scoured grooves and striations produced

D ¢ interval of about 200 ) supported at top and matrix supported below. Lithic-block lag deposits ove'rlies andes'itic lava.s and breccias .Of the Castle Creek eruptive during the debris-avalanche of May 18, 1980
ormant intervat of abou vears are common at bases of flow units. Flow unit deposited on July 22 period. Basaltic breccias largely overlie basaltic lavas, locally grade y
Kalama eruptive period 2500-350 X Eruptions of dacite and andesite tephra, dacite dome(s) and has a pink or brown oxidized upper zone, which forms a resistant into de.nse lava, and are probaply autoclastic basaltic flow breccias, Strike and dip of inclined layering or dike orientation
W pyroclastic flows, andesite lava flows. horizon in southern part of map area. Pumice clasts are subrounded, subordinate lahars, and talus. Thickness 0-60 m o Hori i1 .
dacitic; lithic clasts are mostly porphyritic dacite, commonly with - Basalt dikes (Quaternary)—Black to dark-brown, anastomosing, orizontal layering
(Dormant interval of about 650 years) ————————— - - - - - o= breadcrust surface or prismatic jointing, but also include accidental tabular to lensoidal dikes, local]y columnar jointed. thho]ogy 10-15 o Hot Spﬁng
andesitic or other dacitic lithologies. Unit best exposed along stream percent phenocrysts (0.5-1.5 mm in diameter) of plagioclase and

Sugar Bowl eruptive period 1,150 unnamed Eruf]latlon of'dz}cﬁe dol'rlne, laterally directed blast, pyroclastic cuts in upper and middle parts of the Sasquatch Steps. Locally olivine, in a fine-grained pilotaxitic groundmass. Locally, mildly 87-19. Geochemical sample locality—Number refers to table 3

owls), air-fall tephra. includes May 18, 1980, blast deposit (recognized by the abundance vesicular. Local, irregular reddish-brown and yellow alteration enve- We221
(Dormant interval of about 600 years) — — — — — = — = — = = — =~ — of blue-gray “blast dacite”). Unit grades laterally to laminated, lapilli- lopes (baked zones) as thick as 4 m developed in host rocks adjacent ® Radiocarbon-dated sample locality—Number refers to table 2
ash surge deposits (unit s) on steep slopes of east and west sides of to dikes. Intrude Kid dome (unit pkd) and Northeast dome (unit pnd) of

Castle Creek eruptive period 2,200-1,700 B Eruptions of andesite, dacite, and basalt tephra, andesite and the Sasquatch Steps. Also contains minor laharic deposits. Formed the Pine Creek eruptive period as well as andesite dikes (unit cad) of
basalt lava flows, andesite and dacite pyroclastic flows. during May 18, May 25, June 12, July 22, August 7, and October the Castle Creek eruptive period. Dikes are 0-3 m thick INTRODUCTION

(Apparent dormant interval of about 300 years) ———————————— — = — — — — — — — — — 16-18 eruptions. Thickness 0-25 m - Andesite breccias (Quaternary)—Black to dark-gray, tabular to
d Debris-flow deposit of June 4-July 18, 1980 (Quater- lensoidal, fragmental beds, 2-10 m thick; common lenticular ashy The 1980 eruption of Mount St. Helens resulted in both new volcanic deposits
Pine Creek eruptive period 3,000-2,500 P Eruption of dacite tephra, dacite domes, pyroclastic flows. nary)—Medium-gray, massive, tabular deposit, very poorly sorted, interbeds. Beds are massive to normally graded, clast supported or and deeply incised exposures into pre-1980 deposits. These exposures were pro-
) matrix-supported diamict. Basal 0.5 m is medium-brown, well-sorted supported in about 10-15 percent ash and lapilli matrix. Clasts are duced by excavation of the crater by the 1980 landslides and lateral explosion as well
(Apparent dormant interval of about 300 years) ———————-—-----------o-oo-oooooooooooooooo lithic ash lﬂ'lflit Qll;adez Up“t/)afd il;'“?j ftnaSSiVQ,l blockz upper part. Cflasts subangfular to subrounded, dense or vesicular, glassy, monolithologic, as the subsequent erosion of Step and Loowit creeks by northerly stream flow out of
) . . ) . . ) ) are irregularly shaped, subrounded to angular, and range in size from range from 10 cm to 1 m in diameter, and are rarely prismatically the horseshoe-shaped crater. The map covers the area known as the Sasquatch Steps

Smith Creek eruptive period 4,000-3,300 Y Eru;)rtcl)cl))r;i giiiﬂfe Segg:riaizﬁl[tie?;ez,sIlagr;(;c;a;szzzvgﬁgs, coarse ash in the matrix to blocks as large as 2'm in d.lameter (3 m in jointed. Overlies and.interfingers with andesite lavas (unit ca) and is (commonly called the Steps), which lies between the Pumice Plain on the north and
centuries. the westernmost exposures). Clasts are monolithologic, frothy, gray unconformably overlain by basalt lavas (unit cb); upper contact locally the lowermost portion of the crater on the south. Rapid alluvial aggradation at the

porphyritic dacite .With extremely rough, friable exteriors; %ocally flow marked by section of laminated intermediate or mafic ash as thick as base of the Steps is presently burying some of the lowest exposures, and erosion is

IYears before 1980, based on tree-ring dates and historic records. lbarldedhandbc]on(tialn i\bgut 10 perc&?nt p{l eno;rlysts of :Jl'aglolc lasel' ar(lid 2 m. Bre.cc1as loc'a.lly grade mto' dense lava m'terlors and .are probably stripping many of the upland deposits.

2Years before 1980, based on tree-ring dates and ¥ C dates. esser nornhblende, |—o mm Inh dlameter. AISO contalns ‘ocallzed, aut'oclastlc andesitic flow breccias and, possibly, subordinate lahars. The stratigraphic sequence exposed in the map area includes deposits from the

shattered, irregular-shaped blocks of orange-brown, oxidized, aphyric Thickness 0-95 m eruptive periods listed in table 1 (Crandell, 1987)
and phenocryst-rich andesites. This unit probably resulted from a Andesite 1 d mi fl b . Medi Assi fd . h L ;) iods is based lithol d
debris flow initiated in deposits of the Kalama eruptive period in the - ndesite lava and minor ow rgccnas (Quaternary)— e '1um— 551gnm'er1t o. eposu.s to t ? various eruptive perio s is a§e on 1t. ology an
. to dark-gray flows 7-15 m thick, with reddish-brown autobrecciated ferromagnesian-mineral suites typical for each of the eruptive periods (Mullineaux and
northwest crater wall. Located on the upper and middle Sasquatch flow t db 1 interi d ith laty fractur- Crandell, 1981; Mullineaux, 1986) 1 three 14C dates from d found in
Steps. Typically in sharp contact with underlying unit av; locally .OW o.ps anc bases; 0\.N. n e.rlors. ense.w1 comm(?n pay. rac ur S ’ eaux, » s Well as three ates from wood fou
. . . . . ing. Lithology: porphyritic with fine-grained trachytic or pilotaxitic the deposits.
overlies units p and pkd. Unit d did not exist on June 4, 1980 (photo . —20 t oh ts of plagiocl ] Faults displaved h | | fined he old f th y
by Sandia Labs, #201), but had been emplaced by July 18, 1980 g!roundmass ccl)nt;mmg }51 percerit phenocrysts ol plagiociase, au au ts \spiayed on the map are fargely coniine to t e oder part of the strati
Table 2. Radiocarbon ages of samples from Mount St. Helens, Washington (photo by M. Doukas, Cascades Volcano Observatory: D-80.06.1). glte,. commonly yperst' ene, .and rare.ollv1.ne; an atypical vesicular, graphm section. These oldgr .umts are 1'1'1ghly shattered, with an extremely comp-
[Analyses by Mever Rubin, USGS, Reston, VA. See map for sample locality] Thickness 0-9 m plégloclase'—phenocryst.—rlch \'lar1ety.of this unit occurs lo.cally at base of licated fracture pattern, and it is only possible to show the largest and most distinctive
unit, possibly correlative with unit cba. Overlies dacite domes and of these structures at the map scale.
Map Material Radiocarbon age (years) ~ Eruptive period Map unit ! @ Pumiceous pyroclastic-flow deposit (Quaternary)—White, fragmental units of the Pine Creek eruptive period. Interfingers with Interpretation of the stratigraphy and structure of this area is given in Hausback
No. P lensoidal-shaped deposit. Consists of two flow units, each about 2.5 and overlain by unit cab. In the lowermost Loowit creek exposure a and Swanson (1990).
w6221 Charcoal 1,940+90 Castle Creek ca m thick, §eparated by indistincF §ubhorizontz?l contact. Both flow units charred log in the basal part of the lowest andesite lava yielded an age The following nomenclature is used in compositional classification of volcanic
’ are massive, poorly sorted lapilli-ash deposits. Locally, lowest 10 cm of 1,940490 14C yr B.P. (sample W6221, table 2). This lava overlies rock types:
W6032 Wood 2,590+120 Pine Creek pya is laminated coarse lithic-pumiceous ash, overlying a lithic ash bed. the following section: Rock Tupe Porcent SiO
W6222 Charcoal 2,840+90 Pine Creek ca/poa Lapilli are largely rounded pumice, as much as 20 cm in diameter in Castle Creek 10 cm laminated mafic ash S P 2
lower flow unit, 2 cm in upper unit; with a few lithics clasts of varying eruptive period 15 lagiocl huric andesite lah Rhyolite >72
1See Description of Map Units lithologies (glassy and porphyritic dacites, vesicular andesites). Lapilli cm plagioclase phyric andesite lahar Rhyodacite 68-72
are suppor.ted. ir.1 a matrix of l.ithic-pumicegus ash. Lo.cally.contains ________ 2.5 m interlayered dacite and andesite tephras Dacite 62-683
minor mafic-lithic lahar deposits below unit d. Localized in south- _
western part of the Sasquatch Steps. Sharp contacts with both under- Pine Creek 60 cm laminated lithic dacite lapilli flowage Andesite 57-62
lying unit av and overlying unit d. Distinguished from unit f by eruptive period deposit. Carbonized leaf and bark debris from Basaltic andesite 52-57
presence of overlying unit d; where unit d was not deposited, unit p the basal part of deposit yielded an age of Basalt 50-52
may be mapped as part of unit f. Unit deposited on May 18, May 25, 2,840+90 4C yr B.P. (sample W6222, table 2)
or June 12, 1980. Thickness 0-5 m 6 cm pink dacite ash ACKNOWLEDGMENTS
&y Debris-aBall?ll;che depositll of Ig(?vh bls, 19(?0 (Q:‘ate.r- Section overlies diamicts (unit poa). Unit ranges from 0 to 50 m thick
::r;:;)osedag ‘ Vra(])r\iac/)rlll,s %?Cyk, i};p::/},corfnd 1?n pi(;:glr;t agratg:e\iglls?alr.?;li - Am!esite dike:s (Ql.laternarg.r)—Bl.ack, mildly vesicul.a.r tabular dik.es. i T]’}i authorf is slilnc.:erehy .gratefulhtc.) Dlon S.wans;lml, Rick Hoblitt, Ed Wolfle, ang
contains blocks ranging from cobble size to more than 100 m in I?lkes h.ave thin chllll.e.d margins. Lithology: porphyritic texture with hu 1a homash or L'elr advice, technical review, help, encouragement, and goo
diameter supported by very poorly sorted matrix of silt to pebble size. fine-grained hyalopilitic groundmass. About 5 percent phenocrysts umor throughout this project.
Blocks are internally shattered and many large blocks contain relict, (1._3 mm in d.lameter) of .plagloclase, auglte,.and hypersthene. Intrude
contorted contacts between differing rock types. Unit is wholly lithic, Kid dome (umt.pkd) ar.ld mtr.uded by basalt d11.<es (unit cbd) of the Cas- REFERENCES CITED
predominantly composed of various andesites, minor basalts, and tle Creek eruptive period. Dikes are 1-4 m thick
minor phyric and aphyric dacites. Surfaces of many clasts are notice- - Basaltic andesite cinder, agglutinated spatter, and lava Crandell, D.R., 1987, Deposits of pre-1980 pyroclastic flows and lahars from Mount
ably gouged. Surface character is hummocky, with mounds ranging (Quaternary)—Red to black scoriaceous to dense lapilli, block, and St. Helens volcano, Washington: U.S. Geological Survey Professional Paper
from pointed-conical to extremely elongate downslope. Emplacement lava deposit. Lithology: 5-10 percent phenocrysts (0.5-3 mm in 1444, 93 p.
of the avalanche left underlying surfaces striated and locally polished. diameter) of plagioclase, augite, and olivine, in a very fine grained, Hausback, B.P., and Swanson, D.A., 1990, Record of prehistoric debris avalanches
Striations are best displayed in lower Sasquatch Steps on surfaces of mafic-rich felted matrix. Eroded cinder cone in southwestern part of on the north flank of Mount St. Helens volcano, Washington: Geoscience
units gp, cb, and cab. Passage of avalanche over poorly consolidated map area. Overlies Kid dome (unit pkd). Thickness 0-30 m Canada, v. 17, p. 142-145.
;loncise gbrl)o?:?sj i?ll;tzggef?;ztz(r)itnto h?:r(:’irmslgnsltf;icaat?r?y I;lsskegli(;;i?luam:s Deposits of Pine Creek eruptive period (3,000-2,500 B.P.) Mullineaux, D.R., 1986, Summary of pre-1980 tephra-fall deposits erupted from
tooer surfac7e ] 0_995,::1 g, g, P g - Y‘l’“l?ge" del(;ris-a‘;alal;iche d:poa:jit (Quaternar?r?j—\/;riegate d 11/17o_uzn€t) St. Helens, Washington State, USA: Bulletin of Volcanology, v. 48, p.
ight-gray and pastel yellow, pink, and green, unconsolidated mixture :
Deposits of Goat Rocks eruptive period (A.D. 1800-1857) o? re?atizely frzsh toystronglz altered %hydrothermally?) lithic dacite Mullineaux, D.R., and Crandell, D.R., 1981, The eruptive history of Mount St.
- Pyroclastic-fan deposits derived from Goat Rocks dome blocks, lapilli, and ash. These lithic clasts are all porphyritic and Helens, in Lipman, P.W., and Mullineaux, D.R., eds., The 1980 eruptions of
(Quaternary)—Poorly sorted, reversely graded, light- to medium- include dacite with plagioclase, hornblende, and hypersthene and Mount St. Helens, Washington: U.S. Geological Survey Professional Paper 1250,
gray dacite (appears to darken up-fan) block, lapilli, and ash layers minor dacite with plagioclase, hornblende, and quartz. Deposit con- p. 3-15.
1-3 m thick, commonly separated by gray lithic ash beds 2-30 cm tains a few large, contorted, stratified masses of block and ash-flow Yamaguchi, D.K., 1983, New tree-ring dates for recent eruptions of Mount St.
thick. Blocks are sub-rounded, generally as large as 3 m in diameter deposits but is largely massive. Cut by numerous shallowly to mod- Helens: Quaternary Research, v. 20, p. 246-250.
Table 3. Chemical analyses of samples from Sasquatch Steps area, Mount St. Helens, Washington
[Analyses by S. Pribble, J. Taggart, A. Bartel, D. Siems; U.S. Geological Survey]
Map No. 87-1 87-3 876 87-9 87-10 87-16 87-18 87-19 87-20 87-23 87-24 87-27 88-1 Map No. 88-38 8844 88-45 88-46 88-47 8848 88-51 88-52 88-53 88-54 8855 8856 88-57
Si0, 66.20 63.00 6350 5780 64.60 6330 5290 59.00 5740 6460 6420 59.10 53.00 Si0, 63.80 57.10 57.20 5590 6490 64.00 64.20 6630 6530 64.60 64.10 64.60 63.80
Ti0, 052 067 067 1.70 060 065 148 118 1.26 0.57 058 120 150 Ti0, 063 125 127 130 063 057 061 052 051 056 0.62 0.61 0.60
A0 17.30 1760 1780 1640 1740 17.60 1810 1800 1830 17.70 1790 1790 17.90 Al 03 1750 1800 1810 1810 16.60 1750 1730 16.60 1690 16.80 1730 1740 17.30
Feo05 379 511 478 956 454 498 929 7.38 7.98 4.31 443 748 367 Feo05 365 300 268 243 278 185 201 255 232 241 2.00 3.03 3.85
FeO nd nd nd nd nd nd nd nd nd nd nd nd 557 FeO 107 488 531 5.79 165 252 259 1.16 144 1.62 2.62 1.45 0.60
Mn0O 005 007 007 014 007 008 013 0.10 0.11 0.07 0.07 010 0.13 Mn0 007 011 011 011 006 006 007 006 005 0.07 0.07 0.07 0.07
Mg0 136 225 203 256 190 198 be6 279 3.49 1.80 194 289 554 Mg0 198 346 348 392 159 183 205 145 151 164 2.02 192 1.87
Cal 445 536 522 634 500 511 832 611 6.71 5.08 522 613 828 Cal 515 668 669 712 480 506 513 409 429 483 5.16 5.01 4.94
Nay,0 469 453 449 446 448 456 396 452 4.35 4.55 450 446 4.04 Nay0 449 437 442 431 443 455 449 450 444 429 451 4.70 453
K50 1.37 129 128 127 1.27 129 096 133 1.16 1.26 124 132 099 K50 126 116 117 109 146 125 125 146 139 142 1.24 1.34 1.34
Hy0+ nd nd nd nd nd nd nd nd nd nd nd nd 0.10 Hy0+ 022 003 011 014 025 001 003 057 053 027 0.02 0.08 0.05
H, nd nd nd nd nd nd nd nd nd nd nd nd 0.06 Ho 0.07 001 004 006 049 004 004 051 077 087 0.05 0.05 0.03
P05 016 015 018 029 017 018 029 0.25 0.24 0.16 016 025 0.29 P05 017 024 025 025 017 016 016 016 015 0.15 0.16 0.17 0.16
46°13' TOTAL 99.89 100.03 100.02 100.52 100.03 99.73 101.09 100.66 101.00 100.10 100.24 100.83 101.07 TOTAL 99.96 100.29 100.83 100.52 99.81 9940 9993 99.93 99.60 99.53 99.87 10043 99.14
46°13 Map No. 88-14 88-16 88-17 88-18 88-19 88-24 88-28 88-30 88-32 8834 8835 88-36 88-37 Map No. 88-58 88-60 89-3 894 895 89-6 89-7 89-14 89-23 89-26 F87-42 F87-44 F88-6
Si0, 67.00 6620 6750 5130 6440 6340 5740 6850 5820 6430 57.70 50.60 63.90 Si0, 6830 5880 53.80 5140 60.70 57.10 59.80 61.20 6030 61.80 64.10 52.80 56.00
Ti0, 059 057 048 171 060 065 164 038 171 0.61 1.70 1.70  0.60 Ti0, 040 113 138 1.79 122 164 125 107 110 1.03 059 1.48 1.29
Al,03 1640 17.10 1690 17.00 1740 1690 16.10 16.10 16.10 1740 16.00 16.60 17.40 Al 05 16.10 1760 18.00 1680 16.60 1590 16.70 16.70 17.00 17.00 1740 1840 1850
Feo05 134 234 278 28 209 3.09 1.15 266 2.18 2.89 317 217 Feo05 147 247 287 338 260 312 237 228 211 235 441 9.13 812
FeO 277 159 053 676 241 136 521 220 705 245 665 640 239 FeO 199 497 583 658 504 708 537 467 501 441 nd nd nd
Mn0 006 005 004 013 007 006 014 005 0.14 0.07 0.14 0.14 0.07 MnO 0.05 010 0.12 014 011 015 011 010 010 010 0.08 0.13 0.11
Mg0 142 080 045 637 194 174 306 093 262 2.00 253 654 197 Mg0 098 361 482 688 207 343 200 231 273 222 176 5.61 3.99
Cal 395 464 389 868 518 495 650 332 625 5.17 6.15 843 516 Ca0 336 622 786 859 556 692 579 535 58 544 482 8.06 7.08
Nay,0 480 469 461 380 454 446 443 488 453 4.50 4.46 370 447 Nay,0 491 441 409 373 456 429 449 446 437 452 39 3.59 3.86
K50 1.78 149 1.56 1.09 1.25 1.28 1.20 1.85 1.31 1.25 1.35 1.09 1.24 K50 1.83 121 1.00 0.99 1.40 1.12 1.36 1.48 1.45 1.49 1.30 0.99 1.06
Ho0+ 0.18 008 042 009 003 044 005 021 005 0.05 0.55 0.72 0.19 H,0+ 0.21 010 0.06 005 004 010 017 015 013 010 095 0.95 nd
H, 003 003 056 024 004 100 005 003 0.04 0.04 0.10 0.71  0.06 H, 0.10 0.07 0.02 005 004 003 003 002 008 002 0.03 0.03 nd
P05 017 018 015 037 016 019 028 014 0.03 0.17 0.29 0.39 0.16 P05 013 020 0.27 038 025 026 024 025 025 025 0.16 0.27 0.23
TOTAL 100.49 99.76 99.87 100.43 100.11 99.52 100.49 99.74 100.69 100.19 100.51 100.19 99.78 TOTAL 99.83 100.89 100.12 100.76 100.19 101.14 99.68 100.04 100.49 100.73 99.59 101.44 100.24
*East of map area Analyses courtesy of Fraser Goff, Los Alamos Laboratories
Table 3, cont. — List of analyzed samples Table 3, cont. — List of analyzed samples, cont.
“g:_J Map No. Map unit Description Map No.  Map unit Description
é % 87-1 sld Smith Creek(?)-age dacite of Loowit dome 88-38 pp Dacite clast from Pine Creek-age dacite pyroclastic flow
c:l) 7 87-3 gp Dacite clast from Goat Rocks-age pyroclastic flow 88-44 ca Castle Creek-age andesite
<4 § 87-6 d June 4-July 18, 1980, debris-flow deposit 88-45 ca Castle Creek-age andesite breccia
% ) 87-9 ca Castle Creek-age plagioclase-phyric andesite lava 88-46 cb Castle Creek-age basaltic andesite breccia
§ @ 87-10 pkd Pine Creek-age Kid dome dacite 88-47 poa Pine Creek-age dacite within shear zone
= 3 3 87-16 t Goat Rocks-age tephra layer T; east of map area 88-48 poa Dacite clast from Pine Creek-age older debris-avalanche deposit
8 < % ° ° C') c', <|3 C') 'O O' s -k 87-18 cb Castle Creek-age basaltic andesite lava 88-51 pp Dacite clast from Pine Creek-age pyroclastic-flow deposit
@ ] & R 3 3 <4 3 & 2 87-19 ca Castle Creek-age andesite lava 88-52 pya Green dacite clast from Pine Creek-age younger debris-avalanche deposit
”5’ i a - a a T i i - 87-20 ca Castle Creek-age andesite lava 88-53 poa Green dacite clast from Pine Creek-age older debris-avalanche deposit
87-23 poa Dacite clast from Pine Creek-age older debris-avalanche deposit 88-54 poa Green dacite clast from Pine Creek-age older debris-avalanche deposit
87-24 pp Dacite clast from Pine Creek-age pyroclastic flow 88-55 poa Dacite clast from Pine Creek-age older debris-avalanche deposit
87-27 ca Castle Creek-age platy andesite lava 88-56 pbd Pine Creek-age dacite of Breach dome
88-1 cb Castle Creek-age basaltic andesite 88-57 pbd Pine Creek-age dacite of Breach dome
88-14 gp/cab Sugar Bowl-age dacite lahar 88-58 sb Sugar Bowl-age rhyodacite of Sugar Bowl dome
1870 88-16 poa Dacite clast from Pine Creek-age older debris-avalanche deposit 88-60 ka Kalama-age andesite breccia
"""" 88-17 poa Dacite clast from Pine Creek-age older debris-avalanche deposit 89-3 cb Castle Creek-age basaltic andesite breccia
o /F 88-18 cbd Castle Creek-age basalt dike 89-4 cb Castle Creek-age platy basalt
E s 88-19 pnd Pine Creek-age dacite of Northeast dome 89-5 ca Castle Creek-age platy andesite
2 5 88-24 sad Smith Creek(?)-age dacite of Archybacter dome 89-6 cba Castle Creek-age basaltic andesite autobreccia lava
|F MAP LOCATION 88-28 cb Castle Creek-age plagioclase-phyric basaltic andesite 89-7 ca Castle Creek-age andesite breccia
APPROXIMATE MEAN SCALE 1:4 000 88-30 sb Sugar Bowl-age rhyodacite of Sugar Bowl dome; east of map area 89-14 cab Castle Creek-age andesite breccia
DECLINATION. 2000 88-32 ca Castle Creek-age platy andesite 89-23 cab Castle Creek-age andesite breccia, overlies(?) unit pya
1/4 0 1/4 1/2 MILE 88-34 poa Dacite clast from Pine Creek-age older debris-avalanche deposit 89-26 cab Castle Creek-age andesite breccia
88-35 cad Castle Creek-age andesite dike F87-42 sad Smith Creek(?)-age dacite of Archybacter dome
500 0 500 1000 1500 2000 2500 FEET 88-36 chd Castle Creek-age basalt dike F87-44 cb Castle Creek-age olivine basaltic andesite lava
] 88-37 pkd Pine Creek-age dacite of Kid dome F88-6 cb Castle Creek-age basaltic andesite lava
1/4 0 1/4 1/2 KILOMETER
CONTOUR INTERVALS 5 AND 10 METERS
NATIONAL GEODETIC VERTICAL DATUM OF 1929 GE 0 L 0
Base from U.S. Geological Survey, 1:4,000, Geology mapped in July 1987 and August 1988 GIC MAP OF THE SAS QUATCH STEPS AREA, NORTH FLANK
unpublished maps of Mount St. Helens crater Edited by Julia Thomas; cartographic design by
OF MOUNT ST. HELENS, WASHINGTON
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